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Scheme 1: Routes for fragmentation of β-lactams
The present work is a part of a project directed towards exploring the pyrolytic behaviour of this important ring system and its potentiality in producing useful functionalized organic reagents for further chemical elaboration. Scheme 2 illustrates our strategy to utilize such pyrolytic transformation to convert aldehydes to aryloxyalkenes (a protected homologation of the starting aldehyde) and 4-pentenal (a C-1 allylation and homologation). 
Results and discussion
The starting β-lactams and their corresponding 2-thioxo derivatives needed in our study were synthesized as outlined in Scheme 3. Thus, the reaction of imines 1a-g with excess phenoxyacetyl chloride (2.5 equiv.) in dry DCM (CH 2 Cl 2 ) in the presence of triethylamine with exception of 1d gave the corresponding β-lactams as cis isomer 2a-c,e-g respectively. In case of 1d a mixture of cis and trans β-lactams 2d and 3d were formed (40:60) respectively. The cis stereochemistry of all products 2a-g was assigned based on the coupling constants between the protons at C3 and C4, with observed J-values = 4.8 Hz. 13 The trans stereoisomer 3d was unambiguously assigned based on the coupling constant between the protons at C3 and C4, with the observed J-value = 1.8 Hz 13 (see supporting information Table 1 ). All products 4a-g retained the cis stereochemistry as indicated by the coupling constants between the protons at C3 and C4, with the observed J-values = 4.4-4.8 Hz.
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We first studied the static pyrolysis (sealed-tube pyrolysis) of 2a to optimize the condition for complete reaction for the desired pyrolysis products. The products of the reaction were analyzed directly after the thermolysis using 1 H and 13 C NMR spectroscopy. 1  250  30  100  0  0  0   2  270  90  40  25  25  0   3  290  15  50  20  15  0   4  300  30  25  25  25  1   5  320  30  8  18  23  13   6  350  20  0  0  20  17   7  400  5  0  0  21  10 The ring liberating Z-alkene isomers together with the E isomers in a high diastereomeric ratio, however, under FVT the Z isomer is the major products in all cases (Scheme 4, Table 2 ). This could be explained by the fact the long residence time in static pyrolysis leads to isomerization of the Z isomer to the more stable E isomer. Table 2 ) with higher Z diastereomeric ratio. The 5 E/Z isomers percent were calculated depending on the integration of the E isomer proton (Ar 2 -CH=) at δ = 6.3 ppm (J = 12.8 Hz) with the integration of the Z isomer proton (Ar 2 -CH=) at δ = 5.6 ppm (J = 6.8 Hz), and all products percent are calculated using DCM method. corresponding to the olefinic ether intermediate 11a 15, 16 was not detected in the pyrolysate, while the spectroscopic properties were identical with those reported for the corresponding 4-pentenal 12a-c (a Claisen rearrangement of aldehydes) 17, 18 (Table 3) . Table 3 . Products of SVP and FVP of cis-β-lactams 8a-e and thio-β-lactams 10a-e.
Comp.
No. 12a (26) 1a (18) 7a (18) 12a (31) 1a (15) 7a (14) 8b 12a (20) 1b (12) 7b (24) 12a (28) 1b (14) 7b ( The percent yield of the products in pyrolysate mixture based on the characteristic protons, Aldehydes based on the characteristic aldehyde proton at 9.7 ppm (d, J = 1.6 Hz) 17, 18 , imines based on the characteristic CH=N proton at 8.4
STP
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ppm, and urea derivatives on the exchangeable NH proton at 8.5-8.8 19 or based on the characteristic MeO proton at 3.8 ppm.
Conclusion
The present work offers an interesting application of synthetic transformation of a new 2-azetidinones into valuable intermediates in synthetic chemistry including electron-rich Z-olefins and 4-pentenal derivatives. The latter have important applications in synthetic chemistry and were prepared recently by multi step reaction . 20, 21 Moreover, the reported synthesized aryl vinyl ethers found applications in the synthesis of biologically active molecules and natural product analogues, 22 and because of its importance various methods for their synthesis have been reported. 23 Also, the reported pyrolytic transformations convert aldehydes to aryloxyalkenes (a protected homologation) and 4-pentenal (a C-1 allylation and homologation).
Experimental
General
All reactions were carried out in oven-dried glassware under N 2 , using commercially supplied solvents and reagents unless otherwise stated. THF and CH 2 Cl 2 were redistilled from Na-Ph 2 CO
and CaH 2 respectively. Column chromatography was carried out on silica gel using flash techniques (eluants are given in parentheses). Analytical thin-layer chromatography was performed on precoated silica gel F254 aluminum plates with visualization under UV light.
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Melting points were obtained using a melting point apparatus and are uncorrected. IR spectra were recorded on FT-IR spectrophotometer as neat thin films between NaCl plates in the case of liquid substances or as KBr pellets in the case of solids, with adsorptions reported in wavenumbers (cm −1 ). 1 H NMR spectra were recorded at 400 or 600 MHz with chemical shifts (δ) quoted in parts per million (ppm) and coupling constants (J) recorded in hertz (Hz). 13 
Synthesis of thio-β-lactams 4a-g: General procedure
A mixture of appropriate β-lactams 2a-g (4 mmol) and Lawesson's reagent (1.6 g, 4 mmol) in dry toluene (15 mL) was refluxed for 3 hrs. The solvent was then removed in vacuo and the resulting solid was recrystallised from ethanol to give the corresponding thio-β-lactams 4a-g in 65-77% yield. 
(±)-cis--3-Phenoxy-1.4-diphenyazetidin-2-thione (4a)
(±)-cis-3-Phenoxy-1-(p-tolyl)-4-phenylazetidin-2-thione (4b)
(±)-cis-3-Phenoxy-1-(p-methoxyphenyl)-4-phenylazetidin-2-thione (4c)
(±)-cis-3-Phenoxy-1-(p-chlorophenyl)-4-phenyl-2-azetidin-2-thione (4d)
(±)-cis-3-Phenoxy-4-(p-methoxyphenyl)-1-phenyl-2-azetidin-2-thione (4f)
(±)-cis-3-Phenoxy-4-(p-chlorophenyl)-1-phenyl-2-azetidin-2-thione (4g)
Synthesis of β-lactams 8a-e: General procedure
To a stirred cold (0 o C) solution of appropriate imines 1a-e (10 mmol, 1 equiv) and triethylamine (25 mmol, 2.5 equiv) in dry CH 2 Cl 2 (15 mL) under nitrogen atmosphere was added dropwise with a syringe a solution of allyloxyacetyl chloride (25 mmol, 2.5 equiv) in dry CH 2 Cl 2 (5 mL).
The mixture was stirred at 0 o C for 30 min, and then left stirring at room temperature overnight.
The reaction mixture was washed with water, NaHCO 3 solution and brine. The organic layer was then dried over anhydrous Na 2 SO 4 and the solvent was removed in vacuo. The remaining solid was recrystallized from ethanol to give corresponding β-lactams 8a-e as colourless solid in 69-84% yield. 
(±)-cis-3-Allyloxy-1,4-diphenyl-2-azetidinone (8a)
Synthesis of thio-β-lactams 10a-e: General procedure
A mixture of appropriate β-lactams 1a-e (2 mmol) and Lawesson's reagent (0.8 g, 2 mmol, 2 equiv) in dry toluene (15 mL) was refluxed for 3 hrs. Then the solvent evaporated at reduced pressure. Finally, the resulting solid was recrystallised in ethanol to give thio-β-lactams 10a-e in 65-76% yield.
(±)-cis-3-Allyloxy-1,4-diphenylazetidin-2-thione (10a) 
Pyrolysis product (A) Flash Vacuum Pyrolysis
The apparatus used was similar to the one which has been described in our recent publications. [28] [29] [30] The sample of the substrate was volatilized from a tube in a BÜchi Kugelrohr oven through a 30 x 2.5 cm horizontal fused quartz tube. This was heated externally by a Carbolite Eurotherm tube furnace MTF-12/38A to a temperature of 550 or 600 o C, the temperature being monitored by Pt/Pt-13%Rh thermocouple situated at the center of the furnace. The products were collected in a U-shaped trap cooled in liquid nitrogen. The whole system was maintained at a pressure of 10 -2 Torr by an Edwards Model E2M5 high capacity rotary oil pump, the pressure being measured by a Pirani gauge situated between the cold trap and pump. Under these conditions the 
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